



Abstract—The number of persons with implanted cardiac 
pacemakers (PM) has increased in Western countries. The aim of this 
paper is to investigate the possible situations where persons with a 
PM may be exposed to extremely low frequency (ELF) electric (EF) 
and magnetic fields (MF) that may disturb their PM. Based on our 
earlier studies, it is possible to find such high public exposure to EFs 
only in some places near 400 kV power lines, where an EF may 
disturb a PM in unipolar mode. Such EFs cannot be found near 110 
kV power lines. Disturbing MFs can be found near welding 
machines. However, we do not have measurement data from welding. 
Based on literature and earlier studies at Tampere University of 
Technology, it is difficult to find public EF or MF exposure that is 
high enough to interfere with PMs. 
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I. INTRODUCTION 
N Western countries, persons with implanted cardiac 
pacemakers (PM) or implantable cardioverter defibrillators 
(ICDs) make up a large group. For example, in Finland, about 
700 out of every million inhabitants received a PM in 2010. In 
addition, neurostimulators and drug pumps are quite popular 
nowadays. 
A PM is a medical device with electrodes. The electrode 
configuration in PMs can be unipolar or bipolar. In the 
unipolar system, there is one electrode that lies within the 
heart as a cathode, where the anode is the metallic case of the 
PM itself. In the bipolar system, one lead has two electrodes 
very close within the heart [1]. 
In earlier studies [2]–[6], researchers found that some older 
PM models had shown to be susceptible to the electromagnetic 
fields (EMF) emitted by everyday household and workplace 
appliances. 
In [7], investigators studied 11 volunteers with PMs and the 
possible interference when exposed to sine, pulse, ramp, and 
square waveform magnetic fields (varied up to 300 µT) with 
frequencies of 2–200 Hz, generated using the Helmholtz coil. 
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They also used an induction cooktop and a metal inert gas 
(MIG) welding machine to produce exposure. They found that 
three PMs with unipolar settings were affected by the highest 
fields of the Helmholtz coil and one of them also by the 
welding cable. They did not find any interference with any of 
the unipolar PMs when using the induction cooktop. 
EMF interference with PMs and ICDs has been studied, for 
example, in Finland and France [8]–[10], [4], [11], [6]. The 
PM tests (in Finland) found that the electric field (EF) under a 
400 kV power line (6.7–7.5 kV/m) may disturb a PM in 
unipolar mode, for example, during tasks under 400 kV power 
lines or at 110 kV (or higher) substations. However, the risk of 
interference is not considered to be high because only one of 
the several PMs tested showed a major disturbance [8]. For the 
50 Hz magnetic field (MF), PM tests (in France) showed no 
interference under 50 µT, in unipolar mode, or under 100 µT, 
in bipolar mode [4]. For ICDs, in vitro tests (in France) 
showed no interference until 3,000 µT, but only four devices 
were tested [11]. 
The European Committee for Electrotechnical 
Standardization (CENELEC) has also published some 
standards from this area [12], [13]. For example, according to 
the European Norm 50527-1, magnetic flux density (MFD) of 
100 µT is considered to be the ‘safety level’ for PMs. In 
addition, Finland has an act giving recommendations on the 
exposure of the general public to EMFs at the frequency range 
below 100 kHz [14]. The act is based on the European Council 
Recommendation 1999/519/EC. 
The aim of this paper is to investigate the possible situations 
where persons with PMs may be exposed to extremely low 
frequency (ELF) electric (EFs) and MFs that may disturb the 
PM. The paper is based on our earlier articles [8], [10]. 
II. EXPOSURE TO ELECTRIC FIELDS 
A. Examples of 400 kV Power Lines 
At Tampere University of Technology (TUT), we have 
measured EFs and MFs in different situations, so we will use 
our old measurement data on public exposure situations. 
In Finland, we have 400, 220 and 110 kV power 
transmission lines (frequency 50 Hz), and the total length of 
this transmission system is about 22,000 km. In the TUT 
studies of public exposure to electric fields near 400 kV power 
lines, the highest measured EF value was 9.3 kV/m.  
In general, the values were lower [15]. Fig. 1 shows an 
example of a place under 400 kV power lines, where the EF is 
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